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mode of test was by what 1 may be termed the drop” test? 


_ starting cars from a state of rest t down a known grade, a “a. deducing the St - 


resistances from the velocity acquired. The principle of this: method has 


ENGINEERS. — 

me 

— 
| 
Paine, formed part of the Report of the ¢ Lby this 


In the present tests, it was attempted — os “4 
, to extend this to th the of aseries 
of the vehicles, during which their velocity varied from 0 to 
_ miles es por | hour. a Great accuracy in time observations was necessary for 
‘ this p purpose, which was fully secured by ‘the aid of electricity, so fully 
; in fact, that the margin for error in the latter half of the experiments ~ 
har hardly “more ore than 1-1 -10 Ib. per ton. It must be be added, h however, 
that about half f the tests were made before the apparatus was folly 
; perfected, and are, hence, less minutely accurate, but the maximum 


_ errors in these » latter, can hardly exceed 4 lb per ton ‘in any case, as os will a 


mo é be » evident from the record plates, and all errors of any kind, in this mode 
of test, are necessarily compensatory, at any excess in one ne resistance conting 


a corresponding deficiency i in the » succeeding one, 
4 is believed that equal a accuracy is unattainable by any 
of test, since it is plain that every step in this process is is free from any — 
source of error, other Gee carelessness, ‘The force 
avity) is ‘uniformly applied, and exactly known from formule, without 
"Measurement. — This force is neccessarily al all consumed (1), in overcoming 
re 


4 the resistances to be: measured, or (2), in 2 communicating velocity. The 


amount of force represented by ag given anna is known by y formule, 


, beside a a synchronous 2 record of seconds, from which inte hctiniaily 


of time may be easily read off to second. Errors from 1 carelessness 
= in computation 2 are always possible, but three checks existed against them 


a ), all formuls used were first tabulated by “constant differences 


(2) Most of the resistances were computed independently by two distinct 
methods, end (3) all the computations, ‘when completed, were plotted 
a 4 on the ‘record ‘diagrams: (Plate TX), and many resistances were re deter- q 
mined for each test at gradually i increasing ‘velocities, that any ny consider- 
rr error of computation revealed itself graphically. Finally, any errors 
still occur are not cumulative, ny excess in one resistance 
a corresponding deficiency i in the next following, ‘and vice versa. 
formule and other details of the process of comput- 


ces, being nesennenly somewhat tedious and apart from 


4 often been employed before, sometimes merely to determine comparative 
 Fesistances, without attempting to measure their absolute amount, and ‘ q 
ss gometimes to determine a single average resistance from the average — a = 
q 
q 
a 
j 
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“the main of this Peper, are in an note those 


tainty t to each. “This: variety of conditions was scoured in in order t to facili- 


tate, as far as possible, one of the o objects which as ‘held | especially i in 


os Bis * According to the general law of falling bodies, any body descending freely, +. ¢., without 
frictional resistance, over any inclined path whatsoever, as 0 A, Fig. 1, will be moving through 
space at any point, A, in its path with the a same velocity as if it had fallen — from C to 
A. 


which ; g= = the “acceleration of gravity 64,588, “a 
If the body does not descend freely, but is retarded by certain resistances, a certain por- 
°2 tion of the accelerating force will be consumed by these resistances instead of communi- 
cating velocity to the body, so that the ‘Velocity actually acquired may be ‘mate a mengure ¢ of 
: \ ee car or cars descending a given grade as O A, Fig. 1, is under these latter co’ 
5 any point A, in its path it is moving with a certain velocity. When this is known we can a 
2 readily determine from the formula above, or from a table, the corresponding fall, C B, 
through which it must have fallen freely to acquire that velocity. The residue, B A, of the dis- ; 
tance through which it is known to have actually fallen, represents the fall necessary to exactly a 


balance the average resistance in passingfrom 0 to A. ‘Then evidently BA 


will represent a 


corresponding rate of grade, which is the “ grade of repose,’’ so called; and this rate of grade — ATs ; : 


im feet per 100, multiplied | by 20 (i. 2000 gives: the accelerating force of gravity on ep 


a CB, Sag F, 1H, —Velocity Heads or Falls, AB, DE, G H,—Friction Heads or Falls. 
A DG,—Actual Grade. B E H,—Equivalent Grade, ex-Friction. = 
‘Similarly, if the car r continue its motion down the grade to ai any point, D. Fig. 1, and we oan 
tremine the velocity with which it is moving at that point and the corresponding fall F Z, neces- 
 eary to give that heated the residue, E D, of the distance through which it has actually fallen, 


— 

— 4 

4 _ The tests were made under as great a variety of conditions in respect — | | il 

to load, number of cars in a train, area of cross-section, &c., as it was a “ —_— 

ne 

q 
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aatance velocity only (excluding the normal ax 
constituent elements, » resistance, oscillatory resistance, te. Thin ob- 


‘itis has been aed successfully attained, and with some- 
piece 2 of track selected for the tests was +6, 400 f feet Jong, ‘on one 
the main tracks of the L. 8. & M. 8. By. , about 4 ‘miles west of 


Cleveland, and on an: average grade (from ¥ which the variations were v very 


re _ slight) of al about .7 per station, ae to 36. 5 feet per mile, or to an accel- ee 
erating foree of 14 Ibs per ton. In ‘the middle of this distance was 


ances encountered from the beginning of motion at 0. But of this distance E D, a certain 
portion, B A, had been consumed by the sesisteness encountered before passing A. Ppl a 
quently, layi ing off E = 


sumed by th the resistances 1 


which the resistance in pounds per ton can be again determined as above. 
Thus we may continue to any extent for any desired number of stations until the car 
yg ‘ -- @eases to acquire velocity on the given grade. The “velocity head,” F E, will then be ce 

a Pm same at each station, and the broken line 0 B EZ H, which might be termed the frictionless _ . 

*. grade line (or the grade over which the body would move with the given velocities if there — 

were no friction whatever) will become a horizontal line. 
; ay This whole process is sirictly analogous to the separation of the fall in pipes, and con- 
 duits into “ velocity-head and “ friction-head,” familiar to all hydraulic engineers. 
____ _It is evident that the sole source of error in such computations lies in the determination — ais 
of the velocity of motion at the instant of passing the various stations, which is done by the _ 
aid of electricity. To determine these required velocities two different methods are 
a most of the present experiments were computed by each independently. Se 
<a lst. We may determine the velocity pirecTLy by observing the time in seconds and hun- 
a dredths required for two fixed points of the train, as the first.and last wheel, to pass over each _ 
station. Compuitone made from velocities are marked in the 


_ This is the most omen and convenient method in experimenting on trains of over five 


cars, but for shorter trains the method becomes inaccurate at high velocities. = 
__ By this method the average resistance between two points is given ane however rough a 
a We may compute the initial and terminal velocities at the Sa ory stations from — 
the average them fom the known laws of falling 


ws its own weight, its velocity at any 
ae instant is directly as the square root 
of the space fallen through. _ Conse- 
quently if we have two or more pointe, 
as 10, 15, 20, &c., Fig. 2, along the 
path of any such body, and know the 
- distances, say 10, 15, 20, &c. of each 
from the point O at which it started, the 
—— of motion at 10 (= V, 


of t at at 1 


10 of that at 15, wes versa, the at 15 (= wil be 


| 
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eet long. as show non Fig. 3 herewith, — 


shows some of the observation 


curve (5,78 radius), 
which 


ion els w ere carefully taken on each rail at each 100 feet station, 9 and the — 
of elevation shown on Fig. 3, are for the centre line e of the ‘ 
track, the elevation of the curve varied from 3 to 4 inches, 
; ests w wane made on six different days during the: summer, the average - 
temperature being 75° ( (varying ; from 69° to 82°), and the average 
velocity of the wind, according to the records of the Signa Service, “es 
about 8 miles per hour. The test- track, however, was | pace “G 
a cut, and well sheltered by trees, and in no one of the tests—excepting _ 7 
four or five which have been thrown out on that account i was there 


any wind a perceptible to the senses: at the starting point 0, Fig. 3, where 


the | telegraph instruments were located. « 
_ The stations at which time-1 records were taken off, varied from 200 to i 
1,000 0 feet apart, - shown ii in Fi ig. a he telegraph line was erected on ~~ 
ae fence | posts, and connected 1 with Tectia breaker : at each o of these stations, 
in such manner that the passage of each wheel of the train over acl ' 
station would break the circuit. These cireuit- br eakers wi 
from the patent sp spring ‘clothes-p -pins familiar to almost ev very one, and 
were placed | along the the outside of the rail, in the manner shown i in Fig. 4. zi 
An ordinary Morse re ix instrument was attached to th 
W hich fed the | paper strip : at the rate of about one-half inch y per second, 


and it will be evide t that th the passage of a wheel over any one of t these 


- Moreover, the | average a the Va) between any rae stations on the path of a body we 
acted upon by a uniform accelerating force (as wen falling freely or on a straight grade)is 
always equal to the half sum of the initial and termical velocities at those stations. Then from 


a 
a 
— 

— 
q 
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{ 

motion of care, becat ) t strictly correct when applied 
: force, whereas in fact it is forc train as acted upon by a uniform accelerating 
resistance. But th F decreasing with the increase of velocit 4 
ut the error ia practice is not important. If the formule w y and 


A synchronous time obtained by another 


with the se seconds pendulum and 2 24, record of the passage 
By of each wheel over each : station, by: the other and main circuit. Plate XI 
‘shows the > record thus obtained in Test No. 48, of the the sleeping coach 
ed with the Higley patent roller journals, ‘Tests Nos. 47, 
ere made « one after another, with the same car, with this _ 


apparatus 5 a and it will be seen on Plate IX, how v closely they currespond. _ 


synchronous records nearer together than shown in Plate XI. | Bute even a 
in the form there shown, itis possible tor read the recor within te 
seconds by constructing a a suitable seale. 
cae In n addition to the telegraphic record, the time a each station was 


taken by: an 0 bserver with a horse timer or stop wa watch. Ina 


‘The apparatus | hes since been somewhat improved by bringing the two gs 
4 


curacies, however, will creep in, in such readings, and as there are ‘no 

means of locating them, watch- -readings are very unsatintactory by ‘them 
selves, though useful as a check. che, 


it is obvious that the terminal veloc'ty computed for any one station, as 15, Fig. 2, cere “ 
correspond with the initial velocity at the sime station as deduced from the next following — 
average velocity, as between 15 and 20. In practice these two determinations of a a 

not the same, but differ from each ae a omeall, amount, an 
average between them is taken, as shown in Table I. 


_— onary telegraphic me its record on the paper, as if it were part of an a - 
—— 
in which seconds pendulum was inserted, breaki 
dashes and blanks. representing upon the paper : Ist, alter- q 
senting halts second cach by the circuit 7 
a 
4 
— | 
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— REMARKS.— he “ terminal ¥ velocity at Station 2 given in Col. 5 is equal to ine tie the 
“ae average velocity, or 4.17 x 2= 8.34. The remaining velocities in Col. 5, marked “ terminal’ a 
and “initial’’ respectively, are computed from each average velocity (iv Col. 4) by Eqs. (2) : a 
und (3). The two computed velocities at each station shown in Col. 5 should in theory be a 
: ideutical ; the difference is due to the constantly increasing resistance as cngitinst in the K 
‘If these velocities at each station be recomputed under the strictly correct assumption, viz art a q aa 
E that they are proportional to the square root of the velocity head shown in Col. 7, the velocitie oe ‘ 
in Cols. become identical with each other and the same as the average shown in Col. 6, within os y “ 
to .05 feet per second ; ap error so small as to be of nosensible moment. | 
‘The above computation is made from the time occupied in passing from station to < 
In addition to the above, a separate determination of the velocity at stations (given 
in col. 6) was made, in most cases, by reading off from the telegraphic record the time ccougted — 
by the train in passing over the station, The semaiader of the age was the same as 


No. 48, Sleeping-Coach fitted with Hig 
—— Computation of Resistances for Test No. 48, Sleeping 7: 
| 
7 193 | 20.1 | 24.88 25.66; | 26- 
Ter. 30.54¢ | 39.93/ 14.2 | 9.70 7.43 3. 
x Ter. 35.6}! 19.4 9.30 7.66 | 5.36 0.806 
7 


Table I, shows one (and the most complicated) method of computing — 
the resistances for Test No. 48, from the telegraphic notes rep: reproduced in 


Plate XI. As explained in the foot note to the table, the same resistances 


: 


notes by another method. The difference between the ‘two n methods, 


has been explained in the foot note to page 22, consists simply in in the © 

manner of determining the velocity at stations, viz. (a a), as in Table 

Bs ‘computation from the average velocity betwe een stations, and (b) by a we ; 

from the telegraphi ce record of the time and q 
hundredths) occupied by by the train in passing over it. 
Upw ards of 100 tables similar to Table I, have been duri ing 
_ the tests, the res’ results of whic *h will be found plotted on th on the accompanying — - 


(Plate 1X), a few excepted, which were excluded on 


account of or other sources of error. In ¢ constructing 


corresponding s laid of as as ordinates. Thet broken connect- 4 
ing the points thus obtained, has the general ‘outline o of a parabola, its 
continuity being interrupted, however, first, the the additional resistance 
the in the middle of the track, an and | secondly, by two 


ing errors in the initial se which have a ‘meaning of their 


To generalize the yeast: of the ions each test or ret of tests, 

s recorded on the record diagrams (Plate IX), was first “formulated, Me 
It was assum amed— following after D D. Clark, and most 


dern enthoxition~that ¢ he equation of resistance has the mn 


on ‘(4 ) above. e. for each equation 


‘of resistance at ‘velocities, values of fend 


* Recent experiments render it highly that the axle friction proper may 


effect of any probable of this kind, however, could hardly be very. great upon 
¥ tions made under the general formula above. 4 Its effect, if considered, would be to increase | 
the estimate of the velocity-resistance, and al] this increase ee be reer to that portion — 
of the latter due to cociiiation n and 


a 


| 
ndependently computed from the same telegraphic = 
— 
— 
4 
— 
— 
| 
points were selected on the record diagrams at sbout the highest and 
about the lowest velocity of each test or set of tests, and the correspond- 
— q | 
— lo 
q 
. 


f C (the resistance independent o of velocity) ¥ was 3 also 
read off directly from the diagram, immediately after the Salta friction 


to be great, as will appear 


A value © 


ues app 


“column of Table below. 


f ‘Having explained, as concisely as possible, the p 


_ the resistances we ma we may proceed to the results of the e: 


axle friction in Table 
1e first and 1 most striking ¢ of these is 


the very: heavy difference in the 
axle a and rolling friction of loaded and 


car tests fluctuate far from 6 Ibs. wi 


empty cars. None of the empty 


m; none of the loaded car tests 


SHOWING DIFFERENCES OF AXLE Friction 1x Lo 


Eurrr Fassout Cans. a 


Loapep FREIGHT CaRs. 


tion at3to 


‘ ion at 
5milesper Ligh velo. \high velo. 


Average of 1 empty car Average of 2 loaded car 
6.75 lbs. | 6.25 Ibs. | tests 4.25 1 Ibs 
Average of 3 loaded car peat 


tests 


ye Average of 5 loaded cars 


|Average of all loaded car 


Average of allempty car) 
| 6.00 


coaches separately... 


4 
senger ‘Rolling Biock (load per 


about the same as loaded freight cars). . 


2 separately... 


together. 


added that Mr. J. wW. ‘Cloud, assistant i in in charge of f the Test st Depar tment aa 


the — ania Bailrond, infor med the w writer in Nov ember ¢ of last ye 


> 


— 

ar in the first — 
— — 
F ‘DED AND EMPTY 
_ 
3 
4.23 « | 3.80 * = 
q — 
| 
aa 


loaded coal cars at penile 15 miles per h hour was & about 4 lbs, per ton in in all, , 
This would indicate an friction proper more than 3} Ibs. 


Me Cloud has an excellent anette car with a positive ne 
motion, , affording no chance for error from friction of the moving parts 
of his: apparatus, and with the p provisions s for a a ‘synchronous register 0 of 
a velocity which which ¢ are > absolutely essential to make ake dynamometer t tests of any 
Vy 
curious fact to be nated in Tables II a and It, is that 


0.4 Ib. in case se of cars, it appears to be a an indica- 
% - tion tion of the general law of friction, that the co-efficient decreases with the 
velocity. may be, however, merely an indication that the 
resistances vary as V?- 2 instead of Such a “ 
tor formula (eq. 4) would amply account for the phen omenon. ; Wie ae 
Finally, Tables II and II, bring out another curious fact which 
“4 hardly be ‘accidental. — It 1 will be observed that the axle friction proper 


M (excluding velocity resis resistances) of § of a train of cars sppem to be be less thi than 4 a 


observed axle friction) In computed axle fric- 
DIFFERENCE IN AXLE FRIcTION, BETWEEN— "|  atlow velocities. —_—‘ tion at high velocities. 


puted and observed axle friction, as follows : 


and Scar car tests, freight 


Average apparent reduction from coupling 


he horse-cars. tested, it will be « in ‘Table II, ‘show 
friction of 10.25 lbs. per ton, the load per wheel being, = 
as be, 1 000 wheels were 30 inches 


The phenomenon a decrease 


= 
4 
| 
a 
‘from ¢ | 
q 
— low velocities a “velocity resists 
— 
4 
4 = 
q 
ewes 
‘a 
— 


a 


of axle” friction. of speed is 5 not visible in the horse- 


RESISTANCE aT —An object especially held in view in 


ginning these experiments, was to determine how great was the 


long it con tinnes afte after getting under w way. It has proved to be unex- 


pectedly | great, amounting, in most | cases, at the instant of starting, es: 


or five times the > normal friction in -motion. 

The grade at at the point of starting was equivalent to an accelerating 

force of 14 Ibs. per ton. Nevertheless, it was: necessary, in almost ev every. 


instance, to use the full force of two to six men to start one ow: two cars 


4 after ‘they had been standing from two to ten minutes. Estimating the 


"pushing force per man at 100 lbs., this is "equivalent to from 5 to 15 Ibs. 


= - per to ton in addition to the 14 lbs. due to gravity ¢ as the power required at 


4 the instant of starting, ‘after a short stop. + The lowest initial resistance 


observed in any of the tests was that the cars would start. off by a little | 


= such as jarring them nore or less, without the application of 


appreciable In other eases, however, it was + impossible to atart 


‘touching with an engine. the ‘stop was s merely instant- 


=) 
‘aneous (in fact, probably not | a full ‘stop | at all), the initial resistance 
was ‘as very much less, as wi will be seen in Tests 59-62 on the record A diagrams, 


‘and the ver eat increase of resistance appears to be almost wholl 


ins neous and hence consumes an inappreciable number of foot- 


pounds. | That it is not wholly s 80, how ywever, was fully apparent, as follows: 


a The initial impulse communicated as above (ao all cases made ad Tittle 


as possible) amounted to to from 600 to 1 600 ft. -Ibs. p per car, which would — 

have the effect to reduce the the average resistance from 3 to 8 lbs. per car in = 

distance of 200 feet, or from . 15 to. Ibs. per to ton. But the records. 


cars ‘show that notw patenting this is extrancous ace accession n of foree, 


* Mr. Chas. Ez. Emery, in detailic a horse-car with a dynamometer interposed between 
the car and the horses, states (Trans. Am. Soc C. E., Vol. VII., p. 105, April, 1878) that, after eee ; 
3 eliminating the effect of velocity so far as possible, he determined the resistance to be 11.8 lbs. 
= ~The coincidence is close and the difference, perhaps, merely represents that portion of th 
velocity resistance which Mr. Emery could noteliminate. | 
ys t It was, of course, determined by trial that this increase was not due to epecial o con. 


ditions of track or wheel at apy one ‘point of starting. 


&§ 
a 
i a 
| 
— 
— 
& 
— 
| 
— 
| 
4 : 
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— tween ‘stations 2 and 4 fo for bho every one of the tests, a as shown on on 


‘saat. the re record- diagrams (Plate 1X). Fig. 5 shows the seed: oniline of 


EXPLawaTion.— Resistance 1 is abnormally incre:sed end resistance 2 abnormally 
decreased by an ireagutastty in velocity caused by the high iuitial resistance shown by the — 
“ Teue curve of kesistance.”” Resistance 3 is unaffected by these irregularities and presum-— 


ably correct. Resistance 4 is also unaffected by avy known source of error, other than a 
ig superelevation of one rail, which appears the only explanation for the abnormal depression. 
Resistauce 5 is on the 1° curve, and hence abnormally high. 


these record- diagrams, and the the peculiar depression in 
> 
resistance 2”—which appears to be —is tally explained 


pe by Table IV, with its ; accompanying foot- notes. It will only be added 


fac t the obse 


Tras rror is du lely to the fact that 


ions were not frequently enough between stations 0 and 2 to 
F develope the true form of the curve of resistance, ” show n on P 


lat 
the 


q The telegraphic record furnishes a. a direct method of } pr ovin ng 


= of hs 
4 

iles g 
4 
4 ‘ 
az 


mputation from Telegraphic Record (given in Plate XI) of Initial Resistances while moving 
the first car-length, Test 48, Sleeper “Chicago,” fitted with Higley Roller Journal. 


— rate of grade) 
ivi wes, giving rate of 
giving friction grade’ 


_ Front Truck. 


0 feet (1st wheel at Sta- 


| 


5.88 feet (°4 wheel at 
Station 
10.67 feet (34 wheel a:| 


Station 0)........ 
Truck, 


59.23 feet (3d wheel at __| .176 = 3.52 lbs. 
_ EXPLanation.—Column 2 gives the time, in seconds, required for the successive wheels to 
reach station 0, the ear being started with the front wheel of the front truck almost upon it. This 


; i time in seconds -- the distance between wheels gives the average velocity in feet per second = . 
_ between the time when the successive wheels reached station 0. This average velocity is — 


e _ assumed, for simplicity, to be that with which the car is moving at a point midway between the + 


4 Be 9 marked off by the successive wheels (the effect of this erroneous assumption being _ 
only to decrease the apparent initial resistance). Columns 4 and 5 explain themselves, being 
; similar to those shown in Tables I and II. Column 6 gives the “ velocity grade,” i. e., the Q 
d quotient of any given “velocity-head” or “fall” divided by its corresponding distance or — 
length of station; and this “velocity grade,” substracted from the actual grade per station, Se 
_ gives the ‘friction grade” per station, from which Ibs. per ton are readily deduced. 
This method becomes more accurate in proportion as the number of wheels in the car 


acceleration o true for all falls, we 

istances when the car is moving so slowly 

measured with suffi- 


may apply it to ve minute d 
_ that the velocity in falling through them may be 


xactn and we may thus determine three or four different — 


cient exactness ; | 
« resistances for the period of time during which the car is moving the — & 
first car length. To illustrate this a calculation is added in Table V_ 


of the initial resistances of the sleeper “Chicago,” T 


a — 
a grade.” | ° — 
_ 20 = 4.0 Ibs — 
7 4 q 
| 
7 
| = 
st No. 48, whi 


EFFICIENTS OF Jovanat Frio TION, q 
Size of Journals, 314 in. x e in., horse-car journals, 2}; in. x 6. . 


Size of wheels, 33 in. 30 in, 


x ‘Loap 
-EFFS. OF FRIC. 


in. Formule. Co-eff. 
freight and pe pase! instant of starting... 


a 

150’ per min. jour. speed 

instant of 


tesimal velocity at that instant. it the velocity continue infinitesimal, however long, the ex- & 
— resistance still continues. An abstract of these experiments will be published shortly. 


. _ moving the first car length. J Resistances obtained ind the same manner 


vy 

a x will be found plotted at the left of several of the record diagrams, and 
4 show ve ry great initial friction in all cases ‘excepting the “Higley” 

"sleeper Chicago,” and a few tests, as Nos. Nos. 60-64, where the start was 


eave Ve 


ye 
made from a merely instantaneous stop. 


a 
— 
— ents by the writer since completing this pap 
a 
“>| 
a 2 
diagrams, viz., an abnormal depression in “ resista 
“resistance 4,” which isfor 


cause eof this phenomenon wal given except that it. not due to 
known or discoverable source of error. ror. A single known som source 


these circumstances the interesting speculation i is s raised whether it. may = 
not be due to the effect of the: super- -elevation, which is continuéd back —_ 
over whole 500 feet, the s successive elevations as | follows : 


From all the preceding data, we may con-- 


aan the following table (Table VI.) of coefficients of journal friction. 
Coefficients recently determined by Prof. R. H. H. Thurston, under similar 
“conditions, are appended for the purposes of comparison. Py poh 
per It will be observed in Table VI. that the coefficients of friction in 

q = are nearly twice as great as those determined by Professor Thurs- 


= laboratory experiments, as was quite reasonable to expect. “4 On 


the other hand, the coefficients of initial friction are y somewhat lower, q . 
_ although in a large number of instances it Was quite as high or higher. — 
But it will be seen that the indications as to the laws of friction, ve 

iz. ., that it decreases materially as as either the velocity or ‘the load on the i 

journal increases (within n ordinary limits), a and that the friction of rest i 


—, 


For the complete table published by Pi Prof. Thurston 


4 q he coction of track immod aly nrocoding 
a 
-US, .12, .20, .22 (F. amount of super-elevation seems hardly j 
adequate for such an effect—which will average nearly or quite Ib. per a 4 
a enya is most clearly visible in the in the final and most accurate tests — = q e 
— but it is difficult to detect any other possible explanation. 
but it is difficult to detect any other possible explanation. | —— 
= 
q — 
2 
— 
: 
q = 3 
, see R. R. Gazette, July 26,1878, 


ee several times greater than the friction of motion, are er smite 


to Prof. Thurston’s “results, 5 The ot both is also 


and Mr W esting gs 


house, which have 


“recently bi been 

gineering,” and re- 


bs printed i in the Ra 


g 
road Gazette (J 


26, 1878). One of © 
: 


these experiments _ 
| is reproduced 


Fig. 6, for conveni- 
ence of 


These concurrent 


indications are 
quite contrary 
those which have q 
been hitherto laid 
down, viz., that the 


effect of i 


thing, | increase 


the 
instead of 


(Vol. = 
822, Coxe’ 8 trans- 


4 
| 
| 

q i g-, see ** R. RK. Gazette,” August 16, 1878, pp- revo! 


5) 


viz., one horse car, and one steam railroad a car fitted with the 


be similar to the familiar grindstone ‘The theoretical rredue- 
of friction is 78 cont, 3. lbs. 4 Ibs. } per ton as 


ago” fitted with this 5 


= 


‘Friction at velo- velocities, 
cities of 3 to 5 | (All velocity r 
miles per hour. | sistance — 
excluded.) 


Prt 


“ Sleeper Chicago 


22 cent. 25 per cent. 75 per cent. 


5.4 Ibs, per ton. | 5. Obs. ton. 


10 Ibs. yer ton + 


Comparative resistance of Chicago... percent. per cent. 


The Higley roller- journals have Babbitt- metal bearings, which have 
~ lower eouflialent of friction than brass. _ The load per square inch of 


tests show th ‘the ) Higley bearing is very nearly as effecti 
ANG 


-s theory would indicate in reducing initial friction. - The “ Chicago” 


started off with perfect freedom on reese of the 


“ ‘ Adrian ” an and ‘“ Ohio” a had to be, 


lation) and Morin’s data whicl 7 ied i 
hooks. need thorough revision and cenerally give anite excessive co- 
4 
— 
bee 
— 
4 — 
| 
friction which should, in theory, remain 
4 Tests of the sleeping coach, 
q and Ohio.” The net result wasas follows: 
— — 
— 1.4 Ibs. per ton. | 3.5 Ibs. per ton, 
4 
| 
| 
— 


tp ease ; —but s sO vinnie does it lose this : advantage when under speed, that 

it made but little better time even in the first aad che ond only a few 

seconds in all the rest of the distance. 3 


ILCOX J Rien shown i in Fig. 8 


journal is is surrounded by a a series of 


which | nearly al the journal: box and 
e journal. The en end- thrust 

is up’ > by a a groove, about three- -eighths- 
of an inch deep, cut in both journal ar and — 
box each alternate roller having 
a collar moving in these grooves. 0 aa 


‘theoretical resistance of this bear-_ 


agent, is zero ; nor is it easy to : 


not be be made 


of the rollers are in at the 
Bs time, the rest being carried around 
ia 
loose by the collar which connects them. 
“minute difference of diameter in the 
rollers is practically unimportant, and ‘the 


‘workmanship was very superior. Never- 


theless, tests of a day coach, weighing 20. 
tons, and fi fitted with this journal, showed 
> saving of Tess than three-qua -quarters of a 
pound pe per ton in axle friction, or o only about 20 per cent. ‘Like the 


= Higley,” this car can be pushed al about ut the yard with with great facility. opie 


This test was made on tl the / Atlantic and a Great Western Ra Railroad. lroad. It 


_— the Wilcox and Higley bearings, | however, make an excellent — 
showing when applied to horse-cars _ The comparative resistances 


about as 5.3 ths. to. 10.25 ths. with plain bearings ; the two bearings i in 


- these as in head steam-car tests, showing substantially the same results, 


even more difference between their resistances then would 


— 
— 
HE 

in an entirely fer 
— 

lm 
IZ 
ag 

— 
q 
4 
— — 
— 

| 4 explanation 1s attempted Of this GIscrepancy, — 7 


Axle Frictionat Ax iction. = 


slow velocities. ve high velocities. 


neh wheels, 5 -6 Ibs. per ton. Ibs. ton. 


2 3.5 


2.2 


a4 er cent, 
good showing may be i in and due 
radequate 1 number of observations. s. The load pe per journal, : also, was” 
jome six per cent. greater on the 42-inch wheels, which would operate — 


in t fever. re Both the coaches haa been standing. still for some time 


pains were to data for determining not 
on nly the aggregate amount, but t the « constituent nt elements of that po portion of enn 


“the: rolling resistance which is due to velocity only, « excluding g the normal 
axle friction. aggregate re resistance from this cause must be made 
mp, 1st, ,of air resistance against the of 
along the side of the train; ‘and 3d, “of ‘resistance due oscillation and 
concussion. ‘he general 1 result of the investigation was to indicate 


— suprisingly large proportion of the total velocity resistance ar arises from — 


q - ‘and with from one to five cars of wih and the to’ total resistance in sc : 


of each test, due to velocity (excluding axle and rolling friction), was 
* determined (see Table II.) for one uniform v velocity, which, for : simplicity 


Ay _ of computation, was taken at 10 miles per ho hour. 


; Bs ae Then iti is obvious that if, for example, we » have a number of tents of 


ded box ¢ cars, and a number of tests of empty box « cars, all. other east 


a io being similar the atmospheric res resistance will be prec ecisely the the same 


would be found that the total eipnpdaaraaiay in n pounds per car r would _ = 
be the same 


4 for each. If, then, all the velocity resistance were caused | by the air, it 4 


q Coach 115, 

— 
that or some other cause mi 
; 4 se mace the resistance Of coac unusus “a 

= 

= 
3 

a 
a 


of velocity resistance should prove to ‘be exactly as as the 
= or nearly so, it will indicate that all or nearly all of such — 


is due to oscillation a and concussion. 3% The latter is found to be to be very 
“neatly the case, as shown in the computation below. 


ve 
Similarly we may compare the resistances of flat and cars. 


as sto of pa we may assume me that all r 


ew will be the same for each, excepting | ‘the head resistances due to 


differences of cross-sec -section. oscillatory resistance ce might be slightly 


Sis 


per | ‘ton for box. cars. fiat cars, bout, on n the other h hand, the 


reason why the oscillatory resistance should be less per on for loaded than empty cars; and 

. if it be assumed to be less, moreover, it would have the effect of increasing the already great 
7 2 proportion of oscillatory resistance deduced below. ‘To decrease the relative importance of ? 
oscillatory resistance, we must assume that it is greater per ton for loaded than empty cars. oi _ 


+ Comparison oF VELOCITY Resistances, LoapDED Empty Cars.—Six classes of 
ESS were made with each, viz., flat and box cars, loaded and empty: one, two and 


five cars each, of the empty cars; and two, three and five cars each, of the loaded cars (the — 


in comparisons of single tests, as follows: 

Average of a flat and box ca 

Average number of care per train, empty cars, 23 8. 2 tons tons average 


Average load of loade d train car loads “12 tons=36. 


Total weight of loaded trains 3 ape 


Then 21.9 tons of empty cars 1.64 Ibs. per ton = 35. 4 Ibs. total resistance. = 
7 And 63.3 tons of loaded cars 0.848 lbs, perton — 53.7 lbs. total r resistance. ance. — os 
= Differences 41.4 tons of weight, and 18.3 Ibs. total resistance. i 

‘Hence the resistance, which varies directly as the weight, 
3 Ibs. per ton. en weight of empty trains 


(2. tons, as the total resistance, which varies with the weight, leaving 


" per train, leaves 9.7 Ibs. per car as the resistance, uae is independent of weight, and, hence, 
be caused (presumably) by bulk and air resistance. 
ComPpaRison OF VELOCITY RESISTANCES, FLAT AND Box —In the total of 


xX Cla 
_ of experiments with flat and bes cars separately, viz., one, two and five empties, t two and five Ni bag 


— 
a 
4q 
4 
q 
— 
q 
— 


we still another method 0 of climinating the head resist- 


under similar ¢ conditions, except a as ato number of cars in the ‘train. 


other resistances than the head resistance, in this case, will 


7 vary very nearly with the number of cars sin the | train, and from a com- 


parison of this kind, as shown i in the foot- note below, we dnteme ‘hat the 


resistance amounts to .208 Ibs. per square foot at ten niles p per 


and the remaining resistances t to Tbs. ton." 


= Summarizing the results ot thins we have— 


‘Velocit resistance at 101 miles Air resistance Oscillating r 


From comparison by number of cars.. 19 Ibs. per sq. ft. Pe % rat 82 lbs. per ton. 


wt. per car ar 14.2 tous.) J 


tests... ose per car. 444 Ibs p per ton 
area ‘of cross section 63. 55 “ft. ‘ad 


‘From comparison of flat and box- car| — 


(AY. wt. per car 14,2 tons. a 


“ 20 « 


- 3 fat cars X 1 5 tons each = 22.5 tous + 18 tons av. load =40. 5 tons « 1.19 Ibs. = 48.2 Ib 
box cars 8.9 tons each = 26.7 tons -+- 18 tons av. load =44.7 tons 1.38 Ibs, =61.7 Ibs. 


Differences 4.2 tons, 13.5 lbs. of velocity resistance. 


‘ el Of this difference of 13.5 lbs. we may estimate that 2.1 Ibs. (4 lb. per ton) is due to the dif : 


_ ference in oscillating resistance of the two trains, leaving 11.4 lbs. as the difference due to dif- 


1 b 
ference of cross-section. Then ase = .304 lbs. per sq. ft. for head resistance at ten 


miles per hour, and this resistance deducted from the total leaves about .8 lbs. per ton due to =) 
= other velocity resistances. 


_- * COMPARISON OF VELOCITY RESISTANCES, Two CAR AND Five | Car | Trarns. —Four classes» 


of each were _— viz., loaded and empty, flat and box cars. Average weight of cars, a, 
2.0 
-= 2 tone = 28 4 tons car ane 71 tons for five ca car trains. 


verage re velocity resistance at ten miles per heer (see Table 4): 
ear trains 1,284 lbs. per ton, 
; Then 28.4 tone X 1.284 = 36,47 lbs, 
And Xx 105 = 
Differences 42.6. of weight, and 34.88 
‘This .82 Ibs. per ton, weight of each train and subtracted from the total velocity resist. 
_ ance above leaves 13.2 Ibs. head resistance. The average end area of flat and box cars = 


63.55 equare feet, an 63.55 +208 Ibs. ‘square foot head at 1 


— 

a 
7 
— 
a 

ied and one empty, there were nine loaded and nine em 

4 Average velocity resistance at ten miles per hour (see Table 
a 
q 
= 
| 
q 


“aid of the da data given in brackets) as as nearly as may be judged, we e have— 


* ead resistance. 


Air resistance Oscillating 
car. 

From aan renee by No. ofcars| .21 Ibs. per sq. ft. 4.54 Ibs. per car. 


cars .30 


4 Assumed average......... 


correctness of of these assumed or preliminary formulse was then 


Head Ibs. per foot, at 10 miles per 
esistance per 3. Ibs. per cer, per h hour. 
Oscillating resistance . 5 5 Ibs. ton 


Axle and selling friction, empty freight cars, 6.0 Ibs. per ton. 


process above detailed is not as exact and scientific as it ‘might 
‘s have been made with § a greater body of data, but those which w we have, it “4 a 
A 


believed, exe trustworthy within a small of error, and, if so, 
s a furnish ample evidence that the above distribution of the velocity re resist-— : 


ance must be substantially accurate, as will be found by testing the 
- effect on n the data given in Table V a. of any essential variation in them. 


diserep »pancy will be so gre a as to be quite inadmissible without 


wholly discrediting the da data before us. 


appears therefore, ‘that the head resistance of asingle 


2 square feet sectional ar area, amounts ton no 


Side and top | re 3.0 Ibs. 20=.. 


Total atmospheric resistance......... 


resistance, 20x 5 


@ 
— 
— 
‘tested by comparing the aciual velocity resistance Of each test Wi ab 
boy the sum of these separate formule. These comparisons, details q 
4 | of which are given in Table VII. herewith (as explained in foot-note to 4 j 
— 
| 
f 
— 
= more than 82.2«.17=—14 lbs. resistance at i0 mules per hour. 
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a in other 3 ords, nearly t three- quarters of the otal resistance from — 
velocity to arise e from oscillation : and and only one- 


To this very ry surprising—and quite result, the objection 


will, doubtless, be raised, that accepted authorities; give an n estimate of air 


resistance per square f foot from three to six times greater than the above. 
Thus, Smeaton’ 8 table, quoted i in most sal - text: books, gives 5 Ibs. a: 
ton as the air-resistance at 10 miles’ per hour, and D. K. Clark's re- 


cently published Manual for Mechanical Engineers ” rejects: even this 


as om and gives data* tendi g show that theve resistance 


square foot at 10 miles. per hour, and increases rapidly ‘with the area. 
in the foot-note below, however, proves b beyond a 


a box-car and to ordinary train- sii are in excess by from. 250 to 500- 


per cent. ; for it appears: that if S if Smeaton’s formula were correct, ‘the max-— 


imum attained by an empty descending a grade of 


feet per wile would be only 13.24 miles per hour without allowing — 


any thing whatever fe oscillatory ‘Tesistance ; while the velocity actually 
observ ed for such a was as 17. 5 miles par hows, which was still in 
efter descending 6,200 feet. If D. Clark’ s data were correct, the 


maximum velocity att attained would be only 9.36 miles per hour If the ; 


a 7 ete be taken at .17 Ibs. per ton, as above, the maximum 

velocity attainable, ‘if there were no oscillatory whatever, 


« 
8 *On 897. ata reduced from Jas. C. Fairweather’s Exp’ts. Proc. Royal 


(2 


Weight of boxcar, 9 tons. Rolling and axle friction, 6 Ibs. ton. Grade .7 per 100= 


Then, if air be 4g Ib. per square foot at 10 miles or we have $2.2 sq. ft. 
,5=41.1 Ibs., —0.411 Ibs. at 1 mile per hour; and we have, the maximum velocity 
attained in descending the given grade, 
the of maximum ve'ocity attainable. 


a: 


ont V = 132m les pe per 
nd 2 If the air: resistance be 1 lb. per square foot, as by D. K. Clark’ 8 ate, we ities 


and 36 miles per hour. 


| 
_ 
4 
— 
— 
— 
q 


ee i It my p be pr oved i ba another way that the atmospheric resistance can- 


not be | much greater than that deduced above. A “brisk gale,” by 


‘Smeaton’ 's classification, is 25 miles an hour, anda freight train moving 


against it plainly encounters an AIR resistance one to a speed of about adi 


‘am 


above, head- wind of 25 miles an hear. would absolutely prohibit 


_ ‘The e conclusion, therefore, i is irre ae) that the main portion o of the the 
velocity 1 resistance arises fom oscillation and concussion; and this fact 


‘From the e formulae | just given, ‘we may co construct a an n equation whie h 


‘shall l be correct within (it i is hoped) a small margin of error, for any one 
; ‘train, but it is plain that no gnenl formula can be devised which shall 


even approximately correct for all classes of trains. we estimate 


- those locomotive resistances which are a tax upon the adhesion (thus ex- — 
‘e cluding a all internal friction and the axle friction of the driv ers) as =: 


proximately the same p per | ton-as for the » train, viz. : :4 Ibs. per ton (and ; 


ae probably no simple assumption would be so nearly correct), we shall ob- 


tain for an av erage t train of 20 loaded ‘bon: cars the of 


= Weight of cars 9 + u 20 tons | each x 20 = 400 tons 460 1 tons for en-— 
proper. . 3.9. ) Ibs. ton. 


x 22 = 66 Ibs, — 


Oscillation and concussion (Ib 


d 


— 
= 
herewith (Plate X,) that even the seemingly low air resistance there 
| 
= 
— 
— 
— 
— 
4 
— 
Head resistance (estimating it as double that observed 
— ular outline of the + 
50 — 
4 tonfor400tonsof 
a )tons of engine)= 260 = 
velocity resistances at 10 miles per hour... 166 
— of total resistance =8.9 + .00766 | 4 
| 


this equation the curve of resistance | loaded trains 
a yay w may com pate ‘the e yuation of total resistance 
In the e ay pu the equ 


a loaded flat cars... 


WF 


~ 
+8 for tons of 2 240 lbs. =) R = 


Bin 2, 3,4, Curve resistances, 0, 0, Tangent sediiieneen ‘i known cause exists (as ex. 
plained) why the resistances 0, 0, should be computed slightly greater than the truth. No | 
_ known cause existe for variation in the computed vecietaness 4 2, 3, 4, except an actual differ- 
* From this the line of total vesiotenes per ton empty cars, “shown on Plate X, 


7 
q 
q 
| iz 
= 
« 
— 


and 
-yelocities. As the writer has as as experiments at higher 
"¢ velocities t than, about 30 miles an hour, he would not assert that Mr. - a 
a Clark’ s formula may not, ‘possibly, be weed correct as respects ‘the i in- fe 


— of resistance from velocity, but this, at least it is believed, may = q 


safely be asserted, that Mr. Clark’s constant is certainly ‘erroneous, and 


nearly twice too great, and it therefore ‘that Ww vhole e 
the 
Cc 


formula m may | have ‘b een modifie 


abe of in- 


- itial a friction which are also shown i in Plate X, may have had something to 
dow with | 


a ‘Fig. 9 shows the > general outline ¢ of ih vont diagrs ams on that por- 


tion of the test track covered by the e. Reading off the ¢ curve 
‘resistance was, there ‘fore, a mere matter of obser vation, and the result 0 of ‘a 


shit 
= readings for the various tests is | show n in Table 8, from atch % it 


: sepa that the av erage curve resistance was .83 lbs. per ton for 4-wheel =a 


trucks (5 feet wheel bas?), 93 Ibs. per tou for 6- -wheel trucks ‘ks (103 

base), the latter, howev er, not being deduced from a sufficient 
number of ‘observ ations to give more than ar an indication i in 1 respect to the a 


"difference in resistance due to length of wheel base. In Table 9 are 
the notes of some experiments at “Altoona, Pa., on ‘8° matted 


rom which it : appears s that the resistance was about 8.6 lbs. per, ton ata 
speed of about 8 miles per hour, and about 6. 61 Ibs. _ per ton ata speed of 


19 miles p per hour. experiments ‘on the curve ran average 
% resistance | of 1.2 lbs. per ton: on the first 500 feet of the eure e, ‘ata an aver- 


lower end of the curve at an average speed of about : 21 miles a an hour. P mie 


These se results, an and the general outline of the line of ‘curve resistance 


- ‘speed o of about 13 miles per | hour, and 1 of only 0.5 Ibs. | per ton at the " 


shown in Fig. clearly indicate that the resistance of curvature 
4 decreases noticeably with the sie om apparently indicate also that 
there is considerable extra resistance in ‘entering upon any curve at — 


vs speed. 9 It should also be ne noted that this | latter r cannot | be due to a mere 
shock, but must b be some ¢ cause over a considerable of 


4 


— j 
= 
3 
4 
2 
— 
= 
4 
4 


Average of em oe 

Loaded flat-e 


“ 


At beginning of | 
curve average 


velocity 12 miles 
hour. 


and 1 empty flat-cars.| 


Average of loaded cars.... 


“a Pass'r. coach, 4 wheel truck, 


88 in. wheels 
Pass’r coach, 4 wheel 42 in. 
wheels _....... 
Pass’r coach together, 33 in. 

and 42 in. wheels a 
Pass’r coach, 4 wheel, 33 in. 
wheels 

1 Pass’r coach, 


Av’ge of 8 wheel pass’r coaches. | 


1 Pass’r coach, 6 wheel trucks. 


and 1 day coach, 8 wheel...| 


4 Coaches together, 3 sleepers 


4 


Av’ge of 12 wheel pass’r coache 


 curve-resistances 


q 


At end of curve Average velocity 
7 miles per hour. = 


average velocity 4 
2 miles per hour. 


_. Remark. No attempt at great accuracy was made in reading off the above | 


Rave Curve Resistance on a 1° Curve, as read off from the Record Diagrams. P 
& hich may be checked off Dy Inspection of the recora Glagran 3 
but the initial resistance was, if anything, read off too small in each case. The 
E 3 _ v average of the class of 12 wheel passenger coaches would be 0.1 to 0.2 Ibs, per >. ae ag 
ton higher except for the very low curve resistance of the sleeper “Chicago a 
4 _ nae — Higley roller-journals), which may possibly have been somewhat hes 


fi 


ra 


con 
am | 
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Wen may summarize the 1 various conclusions 


Ist. ‘The and rolling of cars my be 


6 Ibs. per ton of 2.000 Ibs. The axle friction of coaches 


these limits a are small 1 Ib. per tom in in single 


to. Ib. per ton in a train. 3 


2. The initial resistance at the instant of starting is several 

greater r than this, and for loaded than f for cars, being at 


least 18 Ibs. per ton for loaded cars, and 14 ‘Tbs. per r ton for empty cars, 
an average, but fluctuating considerably. Its amount: probably 


(8d. Most of this initial resistance is almost y wholly i instantaneous and 
se 
no ermal axle friction in in the first few cai car bya 2 2 Ibs. per 


th. The air resistance e against su such a surface as s the end of | a OX-CA car a 
SUTIACE 


ries with the length of stop, according to nie laws. ve a 


_ (about 80 square feet) is less than } } Ib. per square foot « at a velocity of 10 


miles sper hour, and d (presumably). increases as nthe square ¢ of the e velocity. 


are erroneous by 250 to to 500 pe per. cent, when to of 
resi oroper, excluding 


axle friction, is to oscillation and corcussion. The resistance 

_ due to this latter cause alone may be estimated at + Ib. ‘per ton at a 


velocity of 10 miles } per hour, vary ing ‘as the si square e of the velocity. = 
6th. The resistance of curves decreases } materially w with the wae: 


K and appears to be greater by a considerable percentage in the first - Bi 


500 feet than on the rest of the curve. 
Ith. The resistance of a 1° curve is over 1 Ib. per ton me a , velocity ry 


12 miles per hour, and decreases to about t Ib. per ton ton ata velocity ¢ of 22 


miles: per. hour. ‘The: resistance of an 8° cu curve is. over 8 Ibs. per tonata 


velocity of 9 miles per hour, and decreases to 
(probably) at a speed of 19 miles per hour. 


+ a * This, of course, does not include, nor in any way refer to, the additional power de- ' 


manded to a4 up speed, which is 2 Ibs. per ton to give a speed of 10 miles per hour in 3340 


i | 
q 
4 
= 
= 
_a 
q 
4 — 


. The average of al° curve to 4 trucks, 


5-foot rigid wheel- base, and to 6- wheel trucks: having a 10% foot — 
; heel-base (except for the play of the boxes i in the pedestal- -jaws), ‘appear. — 
It appears possible that the act of coupling together cars by a 

loose link slightly decreases the axle friction; ond hence, presumably, 


the oscillating friction at high velocities. ‘The | average 


10th. . There appear to be good grounds for suspecting that a — 


mer elevation of one rail | on a tangent may have the effect of appre- 
_ ciably reducing the to motion even at velocities of 


‘th. Roller journals of various forms appear to be > very effectual 

velocities of 0+, but lose nearly a theoretical advantage as as the 


ll load is decreased, and reduce the ‘resistances of empty horse- “cars dl 


A 


42th. Forty- -two inch wheels seem to be even effectual than 


for trains of forty empty box cars, 


“the  velocity- resistances of flat cars increase somewhat t more r repidly, 


= 130 +4 


being. loaded flat-cars and for forty empty fiat- “cars 


ee ‘ith. The co-efficient of sale friction is about .02 for loaded cane 


03 for empty freight cars, about -065 5 for hoses cars, and about . 12 
freight trucks without load. Th co-efficient is two. to three times" 


om sand passenger coaches at speeds of over five miles per hour, about 


greater at at the instant of starting. ‘Tt decreases rapidly as the load per y 


velocity | increases. Such journals appear wr to be ‘more effective as as 


— 

3 

— 
—- 

18th. The equation of resistance for average trains (twenty cars) 
loaded box cars may be taken, approximately, 
— 
a 
= 
4 
j 
| 


owing the valuee of the in the of Resistance as de: 
= tests shown on the Record Diagrams. (Equation R = f V* +. C,in which C = the con- _ 


stant friction independent of velocity, and f= the — resistance at one mile ins 


of candf, 


No. of Observ ed 

single lAxle and 
tests Rolling 
Fric. at 

wel, of 
Ibs. per 


ton. |. 


fric. at vel.| Val. of f= 
of 0+. |coeff. of vel- 
Ibs. per resist. 
ton. 


ote 


— 


St b 


“4.00926 
OO775 


to bo 


“ -cars.... 


ond l 
a 


0089 
0094 


or 


iio 
-0071) 


on 


cars: 


pows: 


assenger truck 


t 


= 


W ileox 
4 1 passenger coach, 3 3-in. ‘wheels 
He & 42-in, together 
wheel truck . . 
pass’r coach, sleeper “Chic test 
4 “ coaches, 
“coach, s! leper r “Ohio” 


O18 
-O197 


1 


he, 


Avera ge of all flat-car tests . 4.89 


“loaded freight car 4.28 | 3 8.92 E 00848 
f 


4.60) .0105 


from 3in. to 3} in., and in length from to 63. Almost all of thems, bowever, were 3} x 6. 

’ cae The “ number of single tests averaged” might fairly be stated about three times as great, inas- a 
“= ‘ much as each test was computed in two different ways and the time record of year was also | 
taken at least twice independently. 


6.1 |] 8 «= 
4 
— 
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3 | y 
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causes of apparent anomalies in the Record Diagrams as outlined in Fig. 6. 


ay 


oh Computation as recorded on Diagram ; no allowances made for sources of error. _ 
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| OOT 


5 In. il. 24 
Ter. 
jiu. 16. 
{Ter. 21.00) 


The same data computed we as ained be tow. 
Le 


8.10 1.02 1.02 [1.38] 0. % 0.18 


= 


5.92] | (4.44) (2.44) 


XPLANATION.—The cars in Tests 3-11 were started by a sligkt push from the engine, it iar 


_ being impossible for six men to start them by pinching and pushing. Notwithstanding this ae = 
extraneous impulse it will be seen in Col. 4 that the average velocity between 0 and 2 (3.32 M 
feet per second) was so low that the terminal velocity at 2 deduced therefrom (3.32 « 2 = 6.64 
feet) is noticeably less than that deduced from the average velocity in the next 200 ieet, viz : 
: c 8.05 feet per second. As this phenomenon appears at no other station in Col. 4 (such variation 
as there is being in the contrary direction), it can only be due to a temporary abnormal retar-— 
< dation at the begivning, continuing after, and in addition to, the impulse of the locomotive. 7 
The true velocity at 2 is evidently (by ce with those 8.10 feet per ¥ 


_ A second correction in Computation 1 has been made in the velocity at Station 14, the 
begiuning ofa 1° curve. The curve introduces a new source of resistance at that point which — 

reduces the average velocity between 14 and 19 considerably below what it would be on a ¥ 

5 tangent. This is of course visible in the computed initial velocity at 14 (20.2 feet), which, _ 

Pe except for the curve, would plainly be (by comparison with those above) about 20.8 feet per — 

second. The effect of such a correction is visible in Computation 2, and proves that the 
apparent irregularities of the record diagrams outlined in Fig. 5 would be increased and not | 
ai more ons and are due toothercauses. 
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